ABSTRACT: Spices and herbs have antioxidant, anti-inflammatory, and anti-microbial properties, amongst others. These characteristics are attributable to their composition, such as high polyphenol and flavonoid contents that are responsible for their antioxidative properties. Methanolic extracts of Ocimum basilicum (OB), Xylopia aethiopica (XA), and Piper guineensis (PG) were evaluated to profile their phenolic compounds and in vitro antioxidant properties. High performance liquid chromatography with diode-array detection phenolic compounds profiling revealed that quercetin, quercitrin, and isoquercitrin are the most prevalent phenolic compound in OB, XA, and PG, respectively. All the extracts possessed good antioxidant activity. XA showed the highest total phenolic content of 29.50 mg gallic acid equivalents/g, a total flavonoid content of 21.17 mg quercetin equivalents/g, 2,2-diphenyl-1-picrylhydrazyl and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) radical scavenging abilities of 29% and 88.23%, respectively, and a nitric oxide scavenging activity of 44.13 mg/g. Thus, the XA methanolic extract demonstrated a high content of phenolic compounds and significant antioxidative properties, with prospective potency to prevent oxidative damage and promote better cardiovascular health.
INTRODUCTION
Spices are herbs which contain complex mixtures of phytochemicals with characteristic odours and flavours. Spices are rich sources of phytochemicals, including phenolic compounds, which confer numerous health benefits including antioxidant and anti-diabetic properties, as well as anti-inflammatory activity (Re et al., 1999) . Free radicals are a consequence of normal metabolic activity; they play an important role in the development of metabolic disorders and adversely affect quality of life. Spices can protect against the effects of reactive oxygen species (Shan et al., 2005) . Phytochemicals found in spices produce a definite physiological non-nutritive action on the human body, which act as protective barriers against disease (Wang et al., 2013) .
Ocimum basilicum (OB) popularly known as sweet basil or basil is one of the most common herbs in Nigeria, belonging to the Lamiaceae family; OB is rich in phenolic compounds, flavonol-glycosides, and anthocyanin (Halliwell and Gutteridge, 1989) . Basil is used in industrial processing as a flavouring or preservative agent. Although different parts of the basil plant have various uses, the leaves are the most utilized part of the plant, and are often used as a spice in both the fresh and dried forms.
Piper guineensis (PG), also known as African black pepper, is another common spice in Nigeria. PG belongs to the Piperaceae family and is commonly consumed for its nutritional and therapeutic properties. PG is also useful in traditional medicine for the treatment of various disease conditions (Adefegha et al., 2017) , and in the beverage and pharmaceutical industries as a flavouring and preservative agent (Agarwal et al., 2013) .
Xylopia aethiopica (XA), also known as Negro pepper, is used for both culinary and medicinal purposes. Ethanolic and acetone extracts of XA have been reported to have antioxidant, immunomodulatory, hypolipidemic, and anti-diabetic properties (Lee and Scagel, 2009; Adefegha and Oboh, 2012; Oso et al., 2018) .
The importance of phytochemicals derived from plant materials in drug synthesis and alternative medicine is growing globally. World Health Organization reported that plant medicine is recognized as an important healthcare delivery system for a large number of the world's population (Sasidharan et al., 2009) . Extraction is the main step for recovering and isolating phytochemicals from plant materials. This can be achieved using aqueous, organic, or aqueous-organic solvents. Previous studies have investigated spice extracts extracted using ethanol, methanol, water, or a combination of water and organic solvent. However, limited information is available regarding phenolic profiling of acidified methanol extract from the spices using high performance liquid chromatography with diode-array detection (HPLC-DAD). This study sought to investigate the phytochemicals of medicinal and nutritional importance from three prominent Nigerian spices, extracted using acidified methanol.
MATERIALS AND METHODS

Chemicals and reagents
Analytical grade chemicals were used for both HPLC and spectrophotometeric analysis. Deoxy-D-ribose, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) diammonium salt, and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were obtained from Sigma-Aldrich Co. (St. Louis, MO, USA). Methanol, formic acid, caffeic acid, catechin, and epicatechin were purchased from Merck KGaA (Darmstadt, Germany). (3,5,7,3',4'-pentahydroxyflavone) , quercitrin (2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-3-{[(2S,3R,4R,5R,6S)-3,4,5-trihydroxy-6-methyltetrahydro-2H-pyran-2-yl]oxy}-4H-chromen-4-one), kaempferol (3,4',5,7-tetrahydroxyflavone), luteolin (3',4',5,7-tetrahydroxyflavone) , and rutin (2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-4-oxo-4H-chromen-3-yl 6-O-(6-deoxy--L-mannopyranosyl)--D-glucopyranoside) were acquired from Sigma-Aldrich Co.. All other chemicals were obtained from standard chemical suppliers.
Preparation of plant extract
Leaves of OB were harvested from a research garden in Akure. XA seeds and PG were purchased from Oba market, Akure, Ondo State, Nigeria. The three spices were oven-dried separately at 30±2 o C to constant weight, and milled to coarse powder. Acidified methanolic (10 mL glacial acetic acid+90 mL methanol) extraction (1:10 w/v) was then carried out, powdered samples (3 g) were added to 30 mL acidified methanol and stirred on the magnetic stirrer for 2 h. The resulting mixture was centrifuged at 4,000 g for 5 min. Residue extraction was carried out three times using 30 mL of acidified methanol, through stirring and centrifugation. The supernatants were pooled, concentrated using a rotary evaporator, and dried prior to further analysis.
HPLC-DAD analysis
HPLC-DAD was performed using a Shimadzu Prominence Auto Sampler HPLC (SIL-20A; Shimadzu, Kyoto, Japan), equipped with Shimadzu LC-20AT reciprocating pumps connected to a DGU 20A5 degasser with a CBM 20A integrator, SPD-M20A diode array detector, and LC solution 1.22 SP1 software (Shimadzu).
Reverse phase chromatographic analyses were carried out under gradient conditions using a C 18 column (4.6 mm×150 mm, 5 m diameter particles, Dikma Technologies Inc., Beijing, China) according to the modified method of Boligon et al. (2012) . The mobile phase consisted of double distilled water containing 1% acetic acid (buffer A) and acetonitrile (buffer B). The gradient program was started with 13% of buffer B for 10 min, and was then changed to obtain 20%, 30%, 50%, 70%, and 100% buffer B at 20, 30, 40, 50, and 60 min, respectively. Sample extracts were analysed at a concentration of 20 mg/ mL. The flow rate was 0.6 mL/min, the injection volume was 40 L and the analysis wavelength was 254 nm to 327 nm. The buffers and extract were filtered through 0.45 m membrane filter (Millipore, Burlington, MA, USA), and were degassed using an ultrasonic bath (25 o C; 10 min) prior to use. Stock solutions of standards references were prepared in the HPLC mobile phase at a concentration range of 0.030∼0.250 mg/mL for flavonoids and 0.050∼0.350 mg/mL for phenolic acids. Identification of these compounds was performed by comparing retention time and UV absorption spectra with those of commercial standards. The chromatography peaks were confirmed by comparing the retention times with those of reference standards and by the DAD spectra (200 to 500 nm). All chromatography operations were carried out at ambient temperature and in triplicate. The limit of detection (LOD) and limit of quantification (LOQ) were calculated based on the standard deviation of the responses and the slope using three independent analytical curves, as defined by Sabir et al. (2012) . LOD and LOQ were calculated as 3.3 and 10 /S, respectively, where  is the standard deviation of the response and S is the slope of the calibration curve.
Determination of antioxidant properties
Total phenolic content (TPC): TPCs were estimated by Folin-Ciocalteu method (Sun et al., 2007) . Aliquots (125 L) of extract (of known concentration) were incubated in test tubes with 500 L distilled water and 125 L of Folin-Ciocalteu reagent for 6 min, before addition of 1.25 mL of 7% sodium carbonate. The final volumes of the mixtures was made to 3 mL by adding 1 mL distilled water. Samples were incubated for 90 min for completion of the reactions. The absorbance was then taken in triplicate at 750 nm by using a UV-Vis spectrophotometer (Cary 4000 UV-Vis, Agilent, Abingdon, UK), controlled by Agilent scan software (Agilent). Gallic acid (GA) was used to generate the standard plot. GA solution was prepared by dissolving 25 mg GA in 25 mL distilled water; concentrations ranging from 0 to 450 g/mL were used to generate standard curves to calculate the TPCs of the samples. Results were expressed as mg of GA equivalents (mg GAE/g). Total flavonoid content (TFC): TFC of the extract was determined using a slightly modified version of the method reported by Kim et al. (2005) . Briefly, 0.5 mL of appropriately diluted sample was mixed with 0.5 mL methanol, 50 L of 10% AlCl 3 , 50 L of 1 mol/L potassium acetate, and 1.4 mL distilled water, and incubated at room temperature for 30 min. The absorbance of the reaction mixture was then measured at 510 nm using an UV-Vis spectrophotometer (Agilent). A calibration curve was prepared using quercetin as a standard. ABTS radical scavenging activity: The reaction was carried out according to the method previously described by Re et al. (1999) with slight modifications. Briefly, ABTS radical cation (ABTS . For analysis, the ABTS
•+ stock was diluted using PBS buffer and equilibrated at 30 o C to an absorbance of 0.7±0.02 at 734 nm. Trolox was used to create a standard curve (6.25∼200 M). The antioxidant capacity was measured by mixing 0.2 mL of samples with 2 mL of ABTS
•+ solution, and the decline in absorbance over a 5 min period was observed. Appropriate blanks were run for each sample and the radical scavenging capacity was compared to that of Trolox. The results were expressed as M Trolox equivalent (TE) per gram of sample. The percentage ABTS
•+ scavenged was calculated using the following equation:
where A i and A f represents initial and final absorbance's of sample, respectively. DPPH radical scavenging activity: The free radical scavenging ability of the extract against DPPH radical (DPPH • ) was carried out as described by Mansouri et al. (2005) . Aliquots (60 L) of sample extract were mixed with 1,500 L of DPPH solution and incubated in the dark for 30 min. Absorbance was measured at 517 nm using a spectrophotometer and the percentage DPPH radical scavenging activity was determined using the following equation: DPPH radical scavenging activity (%)= Ab−As ×100 Ab where Ab and As represents absorbance of blank and sample, respectively. Ferric reducing antioxidant activity: The reducing properties of the extracts were determined by assessing the ability of the extracts to reduce FeCl 3 solution as described by Oyaizu (1986) . Aliquots (500 L) were mixed with 2.5 mL of 200 mmol/L sodium phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide. The mixtures were incubated at 50 o C for 20 min, before addition of 2.5 mL of 10% trichloroacetic acid. The mixture was then centrifuged at 650 rpm for 10 min. Aliquots (5 mL) of the supernatant was mixed with an equal volume of distilled water and 1 mL of 0.1% FeCl3. The absorbance was measured at 700 nm, and ferric reducing power was subsequently calculated and expressed as ascorbic acid equivalent (AAE). Hydroxyl radical scavenging ability: The ability of the extract to prevent Fe 2+ /H 2 O 2 induced decomposition of deoxyribose was carried out using the method described by Halliwell and Gutteridge (1989) . Briefly, freshly prepared extract (0∼100 L) was added to a reaction mixture containing 120 L of 20 mM deoxyribose, 400 L of 0.1 M phosphate buffer (pH 7.4), 40 L of 20 mM hydrogen peroxide, and 40 L of 500 M FeSO 4 , made to 800 L total volume with distilled water. The reaction mixture was incubated at 37 o C for 30 min, and the reaction was stopped by addition of 0.5 mL of 2.8% trichloroacetic acid, followed by addition of 0.4 mL of 0.6% thiobarbituric acid solution. Mixtures were subsequently incubated in boiling water for 20 min. The absorbance was measured at 532 nm in a spectrophotometer, and the percentage hydroxyl radical scavenging activity was calculated as follows: Nitric oxide scavenging activity: Nitric oxide radical scavenging assay was carried out as described by Balakrishnan et al. (2009) . The spice extracts and GA standards were prepared from 10 mg/mL methanolic crude extract, which were serially diluted with distilled water to create concentrations ranging from 100∼1,000 g/mL; dilutions were stored at 4 o C for later use. Griess reagent was prepared by mixing equal amounts of 1% sulphanilamide in 2.5% phosphoric acid with 0.1% naphthylethylene diamine dihydrochloride in 2.5% phosphoric acid immediately before use. A volume of 0.5 mL of 10 mM sodium nitro- ND, not detected. Fig. 1 . Representative high performance liquid chromatography profiles. (A) Extract of Ocimum basilicum: peak 1, gallic acid; peak 2, chlorogenic acid; peak 3, caffeic acid; peak 4, rosmarinic acid; peak 5, rutin; peak 6, isoquercitrin; peak 7, quercitrin; peak 8, quercetin; peak 9, kaempferol. (B) Extract of Piper guineensis: peak 1, gallic acid; peak 2, chlorogenic acid; peak 3, rutin; peak 4, isoquercitrin; peak 5, quercitrin; peak 6, quercetin; peak 7, dihydrocapsaicin; peak 8, capsaicin. (C) Extract of Xylopia aethiopica:
peak 1, xylopic acid; peak 2, chlorogenic acid; peak 3, caffeic acid; peak 4, ellagic acid; peak 5, rutin; peak 6, quercitrin; peak 7, quercetin; peak 8, kaempferol.
prusside in phosphate buffered saline was mixed with 1 mL of each concentration of methanol extract (100∼ 1,000 g/mL) and incubated at 25 o C for 180 min. The extract was mixed with an equal volume of freshly prepared Griess reagent. Control samples without extracts but with an equivalent volume of buffer were prepared in a similar manner as the test samples. The colour tubes contained methanol extracts at the same concentrations but without sodium nitroprusside. A volume of 150 L of the reaction mixture was transferred into a 96-well plate. The absorbance was measured at 546 nm using a SpectraMax Plus UV-Vis microplate reader (Molecular Devices, San Jose, CA, USA). GA was used as a positive control. The percentage inhibition of the extracts and standards were calculated. The percentage nitrite radical scavenging activity of the ethanol extracts and GA were calculated using the following formula:
Nitric oxide scavenged (%)= Abs control −Abs test ×100 Abs control
where Abs control represents absorbance of control sample and Abstest represents absorbance in the presence of the samples of extracts or standards.
Data analysis
All experiments were performed in triplicate. Results were expressed as mean±standard deviation (SD). Data were analysed by analysis of variance using statistical package for social sciences SPSS v.17.0 (SPSS Inc., Chicago, IL, USA). Differences between means were calculated using Duncan's new multiple range test at 95% confidence level.
RESULTS AND DISCUSSION
HPLC-DAD phenolic profiling of the spices HPLC-DAD fingerprinting showed the presence of many phenolic compounds in the three spices, namely gallic acid, chlorogenic acid, rosmarinic acid, xylopic acid, elliagic acid, caffeic acid, rutin, quercitrin, quercetin, isoquercitrin, kaempferol, capsaicin, and dihydrocapsaicin (Table 1) . A total of nine dominant peaks (Fig. 1A) were observed for OB, grouped as four phenolic acids (gallic acid, chlorogenic acid, caffeic acid, and rosmarinic acid) and five flavonoids (rutin, isoquercitrin, quercitrin, quercetin, and kaempferol). XA and PG each showed eight dominant peaks respectively (Fig. 1B and 1C) . The phenolic compounds chlorogenic acid, rutin, quercitrin, and quercetin were common to the three spices. For each spice, the phenolic compound with the highest concentration was as follows: isoquercetin in PG (46.70 mg/g), rutin and quercitrin in XA (54.93 mg/g, and 78.35 mg/g, repectively), and quercetin in OB (92.31 mg/g). Quercetin and rutin had significantly higher concentrations in XA than the other spices. Rutin is a glycoside comprising of flavonolic aglycone quercetin along with disaccharide rutinose, which possess anti-oxidative, neuroprotective, cardioprotective, and hypercholesterolemic activities (Trumbeckaite et al., 2006; Kanashiro et al., 2009; Javed et al., 2012) . Rutin and quercetin are widely used as important materials in food and the pharmaceutical industry (Wang et al., 2011) . The dominance of these compounds in XA suggests that XA may possess these associated properties. Contrary to our finding, Oso et al. (2017) reported quercetin to be the prevalent compound in XA ethanolic extracts. Adefegha et al. (2018) also reported rutin and quercetin (at values close to those in our study) as the most abundant phenolic compounds present in phenolic extracts of XA. The differences in the dominating phenolic compound may be attributed to the different solvent used for extraction. Identification of quercetin as the most prevalent compound in OB methanolic extracts corroborates the reports by Kaurinovic et al. (2011) in OB solvent extracts (ethanol, butanol, and water). However, our results contrast other reports showing rosmarinic acid to be the most biologically active compound in OB (Lee and Scagel, 2009; Shiga et al., 2009 ). Moreover, a further study by Güez et al. (2017) suggested caffeic acid to be the most predominant compound in OB hydroalcoholic extracts. Variations in phenolic significance may be attributed to environmental factors (including planting conditions, soil, and location variability), extraction conditions and sensitivity of phenolic fingerprinting methods. Quercetin is a class of flavonol which cannot be produced in the human body, and has been associated with the treatment of metabolic and inflammatory disorders. The abundance of quercetin in OB suggests that OB may be useful for preventing oxidative stress and improving cardiovascular health. The flavonoid isoquercitrin was the most prevalent phenolic compound in the methanolic extract of PG. In contrast to our results, Diaz et al. (2012) reported quercetin to be the most prevalent flavonol in Piper imperiale ethanolic extracts, and Adefegha et al. (2017) reported quercitrin to be the most predominant phenolic in extracts from PG. The various phytochemicals in the methanolic extract of these spices suggests their potential usefulness in phyto-medicine.
Antioxidant properties of spices
The TPC of the methanolic extracts from the three different spices is presented in Fig. 2A . TPCs ranged from 25.32 to 29.50 mg GAE/g; there was no significant difference (P>0.05) between OB (25.32 mg GAE/g) and PG (25.83 mg GAE/g). However, XA extract exhibited the highest TPC (29.50 mg GAE/g). The TPC of XA extract was found to be superior to that in extracts of Piper nigrum and Ellattaria cardamom (5.04 and 15.67 mg GAE/g, respectively), as reported by Asha Devi et al. (2012) . However, Parikh and Kothari (2016) reported a lower total phenol content of only 7.15 mg GAE/g in OB seed methanolic extracts. Our findings reveal that for methanolic extracts the TPC is significantly higher than the TFC, despite the fact that phenolic compounds are broadly distributed in plants. Consequently, in this study we observed TFCs ranging from 14.89 to 21.17 mg QE/g, and showed XA extracts possess the highest TFC. Contrary to the present result, Adefegha and Oboh (2012) observed lower TFCs for XA methanolic extracts, whereas higher TFCs (86.09 mg RE/g) were reported by Adeniyi et al. (2017) ; however, the latter study used different standards (rutin vs. quercetin) and therefore may not be comparable. We showed that OB extracts contained the lowest TFCs (14.89 mg QE/g), which is consistent with findings by Güez et al. (2017) . The TPC and TFC were higher in the present study than those reported by Kaurinovic et al. (2011) using other extraction solvents.
The radical scavenging activity showed that the spices possess good antioxidative properties. Two different assays were used to analyse the radical scavenging antioxidant activities, namely DPPH and ABTS assays. DPPH radical scavenging activity is evident by a change in colour from purple to yellow. Fig. 2B shows the DPPH radical scavenging activity of the extracts no significant difference were observed for the methanolic extracts of XA and PG (29 and 28%, respectively), but these were superior to that of OB (21%). All DPPH radical scavenging activities observed in this study were superior to those reported for P. nigrum and E. cardamom (11.77 and 12.61%) by Asha Devi et al. (2012) . However, Nahak and Sahu (2011) reported higher DPPH radical scavenging activity (58.07 and 53.07%) for methanolic extracts of Piper spp. (P. cubeba and P. nigrum). The results of the ABTS radical scavenging activity assays showed similar trend but with a higher activity (range from 80.28 to 88.23%). This suggests that ABTS may be a more sensitive assay for evaluating radical scavenging activity than DPPH. This corroborates with Re et al. (1999) who suggested that ABTS is more versatile because both polar and non-polar components can be assessed at the measurement wavelength. Relative to other studies, Sasidharan et al. (2009) reported that methanolic extracts of Elaeis guineensis exhibit a good DPPH
• activity of 50.14%. In addition, Womeni et al. (2013) reported superior DPPH radical scavenging activities for methanolic extracts of XA.
Hydroxyl radical scavenging capacity is directly related to its antioxidant activity. We did not observe any significant differences (P>0.05) in the hydroxyl radical scavenging activity between samples (Fig. 3A) , suggesting that all these spice extracts may serve as practical hydroxyl radical scavengers in food systems. The scavenging activities observed in this study were significantly higher than those reported by Kim et al. (2011) for several aqueous spice extracts (turmeric, clove, and thyme, etc.), including of OB (25.25%). Excessive nitric oxide production has been implicated as a major causative agents in the development of several neurodegenerative diseases (Womeni et al., 2013) . In this study, XA extracts showed the highest nitric oxide scavenging activities (44.13%) through the greatest reduction in nitrite concentrations in the assay medium. OB extracts exhibited the lowest activities, similar to those reported by Agarwal et al. (2013) ; in this study of three aqueous plant extracts, OB extracts exhibited the lowest nitric oxide scavenging activities, equivalent to 11.34 mM of sodium nitrite.
The ferric reducing antioxidant powers of the spice extracts are represented in Fig. 3B . OB and PG (7.36 and 7.27 mg AAE/g, respectively) were readily able to reduce Fe 3+ to Fe 2+ and no significant differences were observed This suggests that these spices may have good reducing potential, and may therefore be useful in food systems to prevent oxidation. A lower reducing ability (1.49 mg AAE/g) was previously reported for OB aqueous-ethanolic extracts (Sailaja et al., 2010) . George and Osioma (2011) reported that XA ethanolic extracts exhibit the lowest reducing power when compared ethanolic extracts of Aframomum sceptrum, Monodora myristica, and Allium sativum. The antioxidant activity of the spices used in the present study, in particular XA, may be attributed to the presence of phenolic compounds such as rutin, quercitrin, kaempferol, and chlorogenic acid, which are known to possess strong antioxidative properties.
Acidified methanolic spice extracts exhibited significant antioxidant activities and contained various useful phytochemicals. However, only chlorogenic acid, rutin, quercitrin, and quercetin were the only phenolic compounds common to all three spices investigated. All the extracts exhibited excellent antioxidant activities; however, extracts of XA possessed superior biological activities, which suggests it could be the most potent raw material of the three spices. XA may therefore be of great use in phyto-
